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Introduction:
The electronic, optical, and chemical properties of compounds with Si-Si linkages in the main chain have been studied 1-3. These properties depend upon chain length, substituents at the Si atoms, chain microstructure, and chain conformation. This strongly resembles other delocalized systems such as polyenes.
The most important preparative method leading to Si-Si polymers and oligomers is the reductive coupling of chlorosilanes with alkali metals 1 -.
Reaction of disubstituted dichlorosilanes provides oligo-and polysilanes, whereas reaction of monochlorosilanes should only provide products of direct coupling. Therefore, coupling of 1 -chloro-2-phenyltetramethyldisilane should yield 1,4-diphenyloctamethyl-tetrasilane. However, it has been found that in the reaction of 1-chloro-2-phenyltetramethyldisilane with lithium in THF at room temperature, a series of aX,w-diphenyl-permethylated oligosilanes with the formula Ph(Me 2 Si)nPh, where n= 2-6, initially forms. In the presence of excess lithium, these oligosilanes are converted to a mixture of cyclic and linear oligosilanes, and eventually into a mixture of monosilyl and disilyl anions, and cyclohexasilane (Scheme 1).
Previously, a thermodynamic distribution of oligosilanes in a similar reaction was studied 6 , however, no kinetic aspects were revealed. In this paper, we discuss the mechanism of the coupling and the redistribution processes.
Results

Kinetics of the Reaction of 1-Chloro-2-phenyltetramethyldisilane with Lithium
The reaction of 1-chloro-2-phenyltetramethyldisilane with lithium in THF was studied at room temperature using several techniques: HPLC, 1H NMR, and UV-VIS. Four stages can be distinguished:
I. An induction period depends on the surface property of lithium which is difficult to control. No color change is observed.
II.
During the second stage, 1-chloro-2-phenyltetramethyldisilane is converted into a mixture of 1,4-diphenyloctamethyltetrasilane (-50%) A UV study of the mixture of mono and disilyl anions reveal two broad maxima of similar intensities centered at 350 and 450 nm. The first one is ascribed to the well-known monosilyl anion (340 nm) 7 . The second one, which is responsible for the deep red color of the anions solution is ascribed to 2-phenyltetramethyldisilyl lithium. The disilyl anion absorbs at a longer wavelength due to the delocalization of the charge onto the jP-phenyl group.
Polysilyl anions with an a-phenyl group which are observed in the formation of poly(phenylmethylsilylene) absorb at 390 nm 1 . Tius, the red shift originates in oligosilyl anions which do not contain a-aromatic groups.
UV Studies
Due to the large extinction coefficients of the oligosilanes and the parent anions, UV studies were performed for much more diluted solutions than those used in NMR and HPLC studies. Qualitatively, observations similar to those from high concentration experiments were made. The appearance of pink and later a red color corresponds to two maxima, 350 and 450 nm. The first one is the absorption of phenyldimethylsilyl lithium (340 nm) 7 , and the second one corresponds to 2-phenyltetramethyldilsilyl lithium.
The small red shift of the monosilyl anion may be due to its overlap with the absorption peak of the disilyl anion or due to a second low wavelength maximum of the disilyl anion. Unfortunately, the disilyl anion cannot be prepared alone since it always exists in an equilibrium mixture with the monosilyl anion and dodecamethylcyclohexasilane in a THF solution. The subsequent formation of the green color (650 nm) can be associated with radical anions either based on cyclosilanes, probably decamethylcyclopentasilane, radical anions of aX,codiphenyloligosilanes, or biphenyl radical anion. The green color observed on the surface of lithium, when no cyclosilanes were present may be ascribed to species formed by electron transfer to oligosilanes with terminal aromatic rings, i.e. the corresponding radical anions.
EPR studies
Attempts to detect unpaired electrons in the reaction mixture prior to the formation of the green color were unsuccessful. However, at the final stages of the reaction a strong EPR signal, containing nine lines with 14 However, the EPR signal is very different from that reported for these species" 5 . Thus, we assume that at longer reaction times, some side reactions can lead to silicon-phenyl bond cleavage and formation of a small amount of biphenyl. The concentration of biphenyl is too low to be detected by NMR. This reaction is relatively slow and does not compete with the "normal" coupling, scrambling, and redistribution processes. although small signals downfield from the disilyl anions signal may come from the trisilyl anions. Thus, the trisilyl anions with a y-aromatic group are less stable than those with a-or P-phenyl groups.
Reaction of a,wO-Diphenylpermethylated Oligosilanes with Lithium
In a separate reaction 1,4-diphenyloctamethyltetrasilane was reacted in THF with lithium. In this case the reaction started at stage III (Scheme 3). An induction period due to the activation of the surface was observed, but then stages III and IV were identical to the reaction of 1-chloro-2-phenyltetramethyldisilane with lithium. Also, when 1,3-diphenylhexamethyltrisilane and 1,5-diphenyl-decamethylpentasilane were reacted with lithium a mixture of cyclohexasilane, monosilyl anion, and disilyl anion was afforded.
Reaction of Silyl Anions with Silyl Chlorides
A mixture of monosilyl and disilyl anions was reacted with an excess of a variety of monochlorooligosilanes and dichlorooligo-silanes. The silyl anions were introduced into the chlorosilane solution in order to avoid the scrambling process. In the second case (Eq. 3b), the influence of the chain length on the reactivities of the dichlorosilanes is studied (Eq. 3b).
In both cases the 
Discussion
The overall scheme of the reaction of 1-chloro-2-phenyltetramethyldisilane with lithium in THF is shown in Scheme 3:
Stage I is the initiation process in which a slow electron transfer from lithium to the disilyl chloride (CI-2) produces a transient disilyl anion (A-2) which immediately couples with a remaining disilyl chloride to yield lin,-ar
Stage II starts when oligosilanes with terminal phenyl groups are present.
Relative to the disilyl chloride, the oligomers are much better electron acceptors and the reaction strongly accelerates. Green spots are observed on the lithium surface due to the corresponding radical anions (RA-4). The radical anions either decompose unimolecularly to radicals (R-n) and anions (A-n) or directly attack any remaining disilyl chloride to produce linear oligosilanes and radicals. Also, the radicals may take a second electron from lithium to form anions. They may also recombine, react with solvent, etc.
Since no color is observed, the lifetime of the anions appears to be very short when the disilyl chloride is present.
No dodecamethylcyclohexasilane was formed at this stage thus the scrambling reactions are absent. Therefore, at this stage the disilane could be formed by the coupling of two monosilyl radicals or phenyl lithium with the disily! chloride and not by the scrambling process.
At the end of stage II, "lithium bleeding" is observed.
Green streams which eventually turn red are leaving the lithium surfac . .
The sti,;ams initially turn colorless very close to the surface, but at longer times remain colored at longer distances.
Since the concentration of the disilyl chloride is becoming very low, the lifetime of the anions increases.
No scrambling products are found.
The rate of the reaction of disilyl chlorides with silyl anions in THF is very fast, probably diffusion controlled. Initially the solution is colorless which indicates the silyl anion concentration to be below 10-6 mol/L.
Stage III starts when the disilyl chloride is completely consumed, the linear tetrasilane reaches its maximum concentration and starts to decrease. Stage III can be also started from the preformed tetrasilane. In this case, a random cleavage occurs and a thermodynamic distribution is again formed.
At the end of step III, cyclosilanes and oligosilanes of various lengths are present simultaneously with an increasing concentration of silyl anions.
Electrons are continously being donated from lithium to oligosilanes to form radical anions which split into anions and radicals. Upon addition of another electron to a radical anion, a dianion is formed which rapidly cleaves into two anions. Thus, longer oligomers are continuously converted to anions.
Monosilyl and disilyl anions are more stable than their longer counterparts due to the stabilizing effect of cc-or P3-phenyl groups. 
